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Abstract 
 
This paper discusses the findings of a small scale research project which explored the 
possibility of adopting eco-design techniques. The paper focuses on identifying how 
eco-design techniques can be determined as being compatible with new product 
development processes. Via the development of a five stage „applicability 
framework‟, this study demonstrates how a compatible suite of tools can be identified 
for application to product development processes. Testing and validation of this 
„applicability framework‟, which was used to identify three key eco-design 
techniques; namely checklists, guidelines, and a material, energy and toxicity (MET) 
matrix, is shown to have taken place in relation to the development of a lightweight 
chemical detector product. It is established that checklists, guidelines and the MET 
matrix can be used both on a specific product, and also more generally in the design 
process. In particular, the MET matrix is shown as being used to successfully identify 
key environmental aspects of the product during its lifetime. The paper concludes by 
arguing that eco-design techniques may not have been more widely adopted by 
businesses because such methods are not necessarily generic and immediately 
applicable, but instead require some form of process-specific customisation prior to 
use, which can in turn act as a barrier to adoption . It is also highlighted that the shear 
diversity of pressures that come to bear during the product development process can 
also act as a barrier to adoption, and that the full integration of eco-design techniques 
will have to encompass approaches which overcome such pressures.  
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1. Introduction 
 
This paper discusses the adoption of eco-design techniques and how their 
applicability can be determined in relation to new product development processes. In 
particular, the compatibility of eco-design techniques with the existing design process 
is established through development of an „applicability framework‟ which has been 
used to identify three key tools; namely checklists, guidelines, and a material, energy 
and toxicity (MET) matrix. Testing and validation of this selected suite of tools is 
then shown to have taken place in relation to the development of a lightweight 
chemical detector product manufactured by Smiths Detection, a medium-sized 
international manufacturing business. 
 
One way in which manufacturing industry can reduce the impact it has on the 
environment is for it to adopt „eco-efficiency‟ approaches. In particular, „eco-design‟ 
is increasingly viewed as being key to sustainable and improved product development 
([1], p.48). However, if eco-design approaches are to be effective, and have a 
significant impact, the chosen approaches need to be based on sound design and 
engineering principles that are accessible and lend themselves to being supported 
throughout the design and manufacturing process ([2], p.15). Despite the apparent 
benefits of eco-design, “it is unclear if these tools are being used and if they have any 
real effect on product system developments” ([3], p.1396-1397). Indeed, research by 
Baumann et al. [4] and Schishke et al. [5] indicates that application of eco-design 
tools and methods by small and medium sized enterprises is limited. In addition to 
discussing the application of eco-design methodology, and the applicability 
framework developed during the course of this study, this paper concludes by arguing 
that eco-design techniques may not have been more widely adopted by businesses 
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because such methods are not necessarily generic and immediately applicable, but 
instead must include some form of process-specific customisation prior to use. This in 
turn, can act as a barrier to adoption. 
 
To explore the usefulness of the developed „applicability framework‟ this paper is 
split into six subsequent sections. The first section provides an overview of this case 
study; the second discusses the chosen methodology; the third describes how 
applicability was assessed; the fourth discusses application of eco-design theory in the 
design process; the fifth discusses the applicability framework and the potential for its 
more general use, and reflects on this case study from a practitioner‟s perspective; and 
conclusions are drawn and recommendations made, in the final section. 
 
2. A brief overview of the study context and research rationale 
 
Manufacturing industry has been accused of operating a system that takes, makes and 
wastes, although it also has the potential to become a creator of products that generate 
ecological, social and economic value [6]. One possible way to improve on this 
viewpoint is for industry to embrace the „eco-efficiency‟ approaches.  In the specific 
case of the design process, this might involve the adoption of „Design for 
Environment‟ or „Eco-design‟ techniques. 
 
Although traditionally, the design process itself consumes few resources, about 15 per 
cent of manufacturing costs, it is responsible for committing the remaining 85 per 
cent. In a wider context, design might be considered responsible for most, if not all, 
environmental impacts ([7], p.9). This issue is often overlooked when impacts are 
considered during the development of Environmental Management Systems (EMS) 
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as: “Products are seldom regarded as significant aspects and are therefore not within 
the main scope of many EMSs” ([8], p. 417). Put another way, “…the linkage 
between EMSs and product development is weak or completely missing” ([9], p. 
377). Eco-design seeks to redress the balance, and make the necessary links, by 
recognising this impact of the broad role of design, through a process which addresses 
the wider picture (Figure 1). 
 
Figure 1: Eco-design: the wider picture – to go here 
 
Sometimes known as „Design for the Environment‟ (DfE), eco-design has been 
defined as “the systematic integration of environmental considerations into product 
and process design” ([11], p. 1). The process aims to minimise the costs and “adverse 
environmental impacts of products throughout their entire life cycles” (ISO/TR14062, 
clause 4) [12]. There are limits however. It should be remembered that eco-design 
only adds environmental considerations to product design, it stops short of full 
sustainable design. Such an approach would incorporate more innovative practices, 
employ ecological principles, and encompass social and ethical aspects ([7], p.13). 
 
Understanding of what eco-design actually is has now developed to the point where it 
has recently been described as “not a specific method or tool” but rather a “way of 
thinking and analysing…” ([13], p. 3). In practice then, this way of thinking and 
analysing, takes the various eco-design methods, as might be appropriate, and applies 
them to each of the different phases (or levels ) of the design process (see Table 1). In 
order to be effective though, the chosen methods need to be based on a sound 
foundation in design and engineering “…that is also integrated with the 
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environmental sciences” ([14], p. 1292). And then, if eco-design is to make a truly 
significant impact, the “systematic integration” issues will also need to be addressed, 
so that EMSs can fully encompass product development, and be effective over the 
longer term ([15], p.405). This will need a strategic approach and, of necessity, 
involve development of not just those within the organisation but will also require 
participation throughout the entire production and consumption chain ([16] p.247). 
 
Table 1: The Four Levels of Design - to go here 
 
Despite the apparent benefits of eco-design, most notably; maintaining 
competitiveness, reducing production costs, identifying new opportunities and 
improving regulatory relationships [18], evidence of actual implementation is sparse: 
“The literature is full of examples of pilot DfE projects on the corporate level, but of 
few examples of the introduction into product development” ([19], p.18). Other 
researchers have noted in particular that SMEs rarely implement eco-design in the 
product development process ([5], p.235). 
 
In conclusion, the reasons for the lack of adoption are unclear. This study sought in 
part to address this question, and may in turn help to explain why eco-design has not 
been more broadly adopted as a routine process within new product development. 
Also, eco-design tools are currently viewed as „tools for experts‟ – in order to be 
made useful, they need further interpretation for an individual company‟s business 
sector and product type ([20], p. 674). By development of an „applicability 
framework‟, this study seeks to demonstrate how a compatible suite of tools can be 
identified for application to the product development process.  
Page 6 of 36 
3. Methodological Overview 
 
The development of the „applicability framework‟ for eco-design techniques took 
place in the context of Smiths Detection - Watford Ltd. (SDW), a light manufacturing 
company which is involved in the design and manufacture of gas and vapour 
detection equipment for use by military and security customers. The following 
methodological overview is split into five sub-sections that firstly focus on justifying 
the company selected for the study, and then how appropriate eco-design tools and 
techniques were identified. This is followed by a section that outlines how the product 
development process at SDW was reviewed to identify potential areas suitable for 
adoption of the tools. The fourth sub-section focuses on detailing how compatible 
eco-design tools were then identified as being appropriate for usage. Finally, the 
methodology overview focuses on discussing how the theory was applied and how the 
selected eco-design tools were validated as being useful.  
 
3.1. Company selection 
The company was deemed suitable for the proposed research because it had expressed 
a specific interest in eco-design (by taking part in a „demonstrator‟ project [21]) but 
had not followed it up. It is not clear why this is the case, but it was believed that eco-
design could be adopted, if the „right‟ tools were identified to facilitate uptake of the 
process. Also, new product development represents a very significant part of the 
company‟s business thus making it a prime target for the adoption of eco-design 
techniques.  
 
The research, design, and development process, known internally as „New Product 
Introduction‟ (NPI), has been developed over many years. It now consists of a „gated‟ 
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system where certain criteria have to be met prior to moving from one „phase‟ to the 
next. This approach lends itself naturally to development and adoption of 
environmental criteria at appropriate gates.  
3.2. Identification of eco-design tools and techniques 
The project started with a bibliographic review of current published material on eco-
design tools, techniques and case studies. Sources included: peer-reviewed journals, 
books, internet sites, international standards and government and SDW documents. 
This literature search helped to ensure that suitable guidance on identifying eco-
design tool typologies and criteria for tool assessment was obtained, and that all 
lifecycle issues were addressed.  
 
During the course of the research, a range of tools and techniques were identified that 
would benefit from formal categorisation, if they were to be of use. Calow et al. [10] 
suggest just two categories: qualitative and quantitative, that can be used to categorise 
these tools. This simple idea, together with the need to use appropriate methods and 
language that would be recognised by the end-users, prompted the development of the 
following three broad categories for use in this project: 
 
1 Guidelines: defined here as: providing broad support, with little detail, but 
applicable either across the whole product development process and lifecycle, 
e.g. ISO/TR 14062, or covering a significant area, e.g. design for recycling; 
design for disassembly; design for lifetime optimisation (see for example [22-
25]). 
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2 Checklists: defined here as: providing in-depth, but narrow, application at 
selected stages of the product development process or lifecycle (see for 
example [26-28]). 
 
3. Analytical tools: defined here as: providing detailed and/or systematic analysis 
at specific stages of either the product development process or lifecycle e.g. 
eco-indicators; environmental effect analysis; environmental impact 
assessment; life cycle assessment; material, energy and toxicity („MET‟) 
matrix; life cycle cost analysis (see for example [29-34]). 
 
It has been observed that: “DfE methods and tools must not only be appropriate from 
an environmental perspective, but from a user perspective as well” ([35], p. 228). So, 
in order to understand the users‟ perspectives, it was necessary to understand the 
potential application of the tools. This aspect is examined in the next section. 
 
3.3. Investigation into the product development process at Smiths Detection 
As a comprehensive understanding of the „state-of-the-art‟ of eco-design was 
developed, the project also considered current company practice by reviewing 
existing SDW product design and development processes („NPI‟) on a stage-by-stage 
basis. Using the above guidance on eco-design tool typologies and criteria, and 
qualitative research methods, i.e. by “asking questions and making comparisons” 
([36], p. 132), some likely process areas, e.g. specification, concept, and design 
review activities, were identified at an early stage in the project as being suitable for 
application of the tools. 
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Judgements were then made on: feasibility of application, possible 
gains/costs/benefits and the potential for systematic integration, as described in the 
next sub-section. 
 
3.4. Identification, analysis and review of compatible eco-design tools 
As part of the content analysis, key features such as advantages and disadvantages 
were considered, together with other relevant aspects which became apparent, and 
further consideration was given to how they might address such aspects as: resource 
consumption minimisation, packaging, the potential for recycling and the 
identification of alternatives to hazardous materials. Other aspects to address, which 
were identified included the impact on: 
 
 materials – e.g. the use of lead-free solder; 
 energy – e.g. as used in the routine baking process; 
 waste – e.g. as generated by the manufacturing and in-use processes; and 
 water – e.g. as used in the routine component cleaning process, 
 
Particular reference was made to the ISO Technical Report ISO/TR 14062 [12]. This 
document describes the process of integrating environmental aspects into product 
design and development, and may become an international standard at some future 
date – and so is thought to be a key document in this analysis. It was also included as 
a „tool‟ in its own right. 
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In making a judgement on the appropriateness of the methods and tools identified 
above, and in order to draw up a short-list, questions derived from best-practice 
guidance were used as criteria for evaluation, as follows: 
 
 Does the tool support the meeting of product requirements? 
 Does the tool address environmental product legislation requirements? 
 Can the tool be used by company staff, or will external expertise be required? 
 Does it reduce the risk of important elements being forgotten? 
 Does it fit in well with how products are launched by the company? 
 Is the tool user friendly, easy to adopt and implement? 
 Does it save time in the overall development process? 
 Is it affordable by the company? 
 
(adapted from: [35, 37]) 
 
ISO/TR 14062 suggests possible actions, related to environmental aspects, to be taken 
at each stage of the product development process. Using that report as a framework, 
the above questions have been asked of each phase of the SDW NPI process to 
establish the level of appropriateness of each tool and to assist with drawing up a 
short-list. 
 
At this stage, use was made of a focus group (a method often used to evaluate new 
product ideas ), in order to review the short-list. This approach was considered to be 
an efficient use of the time available – as a result of the interactive discussion which 
takes place [38], and also because “…synergy between the discussion contributors 
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provides data through sharing and comparing knowledge, rather than individual 
questioning” ([39], p. 436). 
 
Invitations were sent to a group of 12 engineers, scientists and managers, selected on 
the basis of their competence in the area of new product development. This included a 
request for those unable to attend to select a suitable delegate, if possible, so that the 
group size would eventually be near optimum – “usually 8-10” ([38], p. 189). As 
diverse a range of staff as possible was included, within the limits of ensuring 
competence, so that views from all levels of the organisation could be ascertained. 
They were asked to discuss the relative merits of the proposed techniques and their 
applicability to the „real world‟ at SDW, based on their personal experiences of 
developing the company‟s products. Their remit being to express opinion on how the 
tools might fit into the NPI process. The ranked views collated from the focus group 
would effectively identify the most promising techniques for testing on a product 
development. 
 
3.5. Application of eco-design theory to the product development process 
Prior to testing, the tools underwent a degree of „translation‟, as the “common 
language” of the company is needed if implementation of eco-design is to be 
successful ([40], p. 307) and they also need to be “compatible with the culture and 
current systems at a company” ([41], p. 3). This was accomplished with support from 
selected members of the focus group:  a small multi-disciplinary team was formed 
which included: mechanical, electrical / electronic, materials and environmental 
expertise. They were asked to review the selected tools in more detail and offer 
suggestions for enhancement of the text used. 
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The choice of a product was then made. The selection was based on relevant criteria, 
drawn from best-practice examples ([42], p. 63), in order of relevance to the business, 
as follows: 
 
1. organisational capacity and financial resources; 
2. estimated market potential and income generation; 
3. the necessity to reduce the product‟s environmental impact based on 
the company‟s environmental policy, legislation and customer 
requirements; 
4. potential for the development team to overcome environmental 
problems; 
5. anticipated learning effect for the whole organisation; 
6. complexity of the product; and 
7. possibility of combining innovation with environmental merit 
 
It had been thought that either the „Lightweight Chemical Detector‟ or the „BioSeeq‟ 
products might be suitable for this work, both are subject to on-going development, 
with potential for environmental impacts. Both are complex and have long life cycles: 
where this is the case, it is recommended that just one component or sub-assembly of 
a product be used for evaluation ([42], p.65). It would therefore be necessary to 
identify specific aspects of the development that could be addressed using the chosen 
tools. This was discussed with the team derived from the focus group, and areas for 
attention were agreed. 
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4. Assessing the applicability of eco-design tools and techniques  
 
With the better understanding of the available range of eco-design tools, which had 
been developed during the categorisation exercise, and knowledge of the possible 
process areas where they might be applied, appropriateness of each tool was judged 
on the basis of the eight questions listed previously. To simplify this analysis, and 
prior to the assessment, a number of tools were grouped together, as follows: 
 
 Most of the guidelines identified are encompassed by the BSI and ISO 
documents (included as tools in their own right), „Guidelines‟ are therefore 
treated as a single tool. 
 „Restricted Material Lists‟ are regarded as a „Checklist‟, so these are also 
included in this single tool. 
 Eco-indicators were of limited use on their own but, when grouped with the 
material, energy and toxicity („MET‟) matrix, had the potential to make that 
tool more useful, so are included there. 
 
In order to identify suitable tools for consideration by the focus group, simple yes / no 
responses were made to the criteria derived from best practice guidance. The tools 
were then listed in order of preference as measured by the number of „yes‟ answers. 
The results are shown in summary form in Figure 2. 
 
Figure 2: Initial analysis of identified eco-design tools – to go here 
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The authors identified their short-list of tools for further consideration based on a 
score of five or greater. Those scoring less than five were not considered further. It 
should be emphasised that, at this stage, the grading of the appropriateness of the tools 
is only based on the opinion of the author. Prior to presenting this short-list to the 
focus group, the above ranking information was removed and the order of the tools 
was randomised so that the group was not unduly influenced by the authors‟ views. 
 
Following a brief presentation on the rationale behind each of the tools, ensuing 
discussion included the following key comments:- 
 
 The Lifecycle Development Strategy Wheel (LiDS) and other strategy tools 
would usually be over-ruled by customer specifications – development 
contracts now usually include specific product environmental impact 
requirements; 
 
 disassembly and recycling are considered to have lower priority compared to 
longevity issues – the company routinely designs for long life, then carries out 
repair and overhaul activities on in-service products, usually after their initial 
15 year life, effectively extending the actual product lifetime to more than 20 
years. 
 
 the “10 Golden Rules” represent common sense – “we do it anyway”. Also, 
they lack specificity and need more detail; 
 
 “checklists need to be easy to follow” – include in design review; 
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 sample eco-indicators look promising - need more; 
 
 concern over resource impact (i.e. staff time) from „Environmental quality 
function deployment‟ tool – only useful if the specification is flexible 
 
 “LCA is too complex, and not user friendly” 
 
 
 
The group session concluded by ranking the techniques in order of preference. Group 
members were asked to complete a form to confirm their individual opinions on the 
relative applicability of each tool to the company‟s design practice. The results are 
shown in summary form in Table 2. Given the limited amount of time for further 
work, it was decided that the first three preferences would be carried forward to the 
next stage for validation. Assuming a possible 50 per cent failure rate in the validation 
process, this would still result in one or two tools being declared to be compatible 
with the NPI process. 
 
The initial analysis (as shown in Figure 2) had revealed a range of applicability of the 
15 tools under consideration. The focus group then identified the tools that could be 
used, and those that might be more difficult to apply. In particular, management tools, 
for example, were considered of limited use, as tools need to fit into the current, tested 
(and trusted) structure. In particular it was considered that strategy tools, e.g. the 
„LiDS wheel‟, would usually be over-ruled by customer specifications, thus implying 
a certain lack of freedom in (eco) design. The group considered that it would be more 
effective to focus on technical guides and analytical tools instead. 
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Table 2: Focus Group tool ranking results – to go here 
 
 
Disassembly and recycling methods were viewed as having a lower priority, 
compared with longevity issues, and were not seen to be immediately relevant. There 
is a growing awareness that this view might also apply to the consumer market, where 
lifetime issues are beginning to be more widely recognised as an issue [43]. It is 
anticipated that further work might be published on this particular aspect in the future. 
For the moment SDW undertakes repair and overhaul (R&O) activities on existing 
products and considers „technology insertion‟ approaches in new product 
development to allow for in-service upgrades to keep the product(s) current and up-to-
date, thus extending lifetime. 
 
Although ranked ninth by the focus group, i.e. least preferred, this discussion would 
not be complete without mention of life cycle analysis. It has been described as the 
“scientific response” ([44], p. 141) to the need to understand the environmental 
impact of products and has a key strength in its quantitative approach ([45], p. 30). 
While this may be true, the technique requires a very significant investment in time 
and effort, and is “…not useful in the design process… companies cannot delay their 
design process to wait for the results…” ([46], p. 8/2). In fact, it has been described as 
“…an improper method for product development” ([47], p. 494). The focus group 
considered it to be too complex and not user friendly and so effectively rejected it. 
Nonetheless, the tool of choice, the MET matrix, does address all parts of the product 
lifecycle and is therefore believed to be sufficient to meet the needs of the corporate 
policy requirement, at least for the moment. 
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5. Application of eco-design theory to the product development process 
 
Before any validation of the tools could be carried out, choice of a suitable product 
was necessary. Selection was made based on the criteria detailed earlier. 
 
Both the „Lightweight Chemical Detector‟ and the „BioSeeq‟ product had initially 
been identified as possible candidates. The market potential (criterion 2) for the 
Lightweight Chemical Detector was noted as being very large: as a personal detector, 
it is designed to be issued to individuals – whereas other detectors, including the 
BioSeeq, are generally intended for group protection and are consequently produced 
in fewer numbers. Sales volumes are difficult to predict for such devices, but it is 
confidently expected that the Lightweight Chemical Detector product will be made in 
many 1000s. The consequent environmental impact is therefore worthy of 
consideration (criterion 3), and so the Lightweight Chemical Detector was chosen to 
test the selected tools. 
 
Further support for this choice, in terms of organisational capacity (criterion 1), came 
about as a result of a timely customer order [48]. A quantity of 450 lightweight 
chemical detectors was ordered for the Swedish defence forces, and the contract 
included a requirement to assess the environmental impact of these units. This 
allowed the personnel, to be made available to carry out the work. 
5.1. Application of Checklists  
The need for translation into the common language of the company was accomplished 
with support from the small multi-disciplinary team selected from the focus group. 
They were asked to review the sample checklists [26, 27], with a view to preparing a 
set suitable for use in the SDW NPI process. Despite the product‟s complexity, and 
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consequent potential difficulty in addressing all appropriate issues at once (identified 
earlier), it was considered possible to generate checklists which could be used at most 
of the stages of the NPI process, as Figure 3 serves to exemplify. Other checklists 
were developed for initial system design: in particular, to aid design of electronic 
assemblies and to assist with identifying later disassembly and recycling potential. 
Indeed, the development and use of checklists were recognised by the whole group as 
being useful, and more widely, they are seen as being “easy to understand, and are 
often the first tool a company starts to use when getting into eco-design” ([37], p. 15). 
 
Figure 3: Sample checklist – to go here 
 
5.2. Application of Guidelines 
Suitable guidelines had been identified as part of the content analysis procedure. They 
included: 
 
 guidance on integrating environmental aspects into product design and 
development – ISO/TR 14062 [12]; 
 design for manufacture, assembly, disassembly and end-of-life processing 
(MADE) – BS 8887-1 [49]; 
 sustainable design of electrical and electronic products to control costs and 
comply with legislation – GG427 [50]; and 
 Smiths Group Eco-Design Guide [28]. 
 
The group agreed that these were immediately usable and should be included in the 
design process; although the literature suggests that some caution should be applied. 
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For example, adoption of Design for Disassembly (DfD) might best be limited to 
major sub-assemblies and for re-use applications [51]. It can help eliminate the 
potentially most hazardous part of the supply chain, but “harsh use” [52] can lead to 
premature disassembly and radical ideas like water soluble screws need to be treated 
with considerable caution – especially in military applications. In addition: “…studies 
have shown that little or no added value is created by designing products for 
disassembly…” (at least for recycling purposes) and Design for Nondisassembly 
(DfND) is advocated by some ([53], p. 219), as materials separation technology has 
improved dramatically in recent years. The priority for SDW is design for longevity 
and this may ultimately obviate the need for DfD considerations in the design process, 
at least in the short to medium term. 
5.3. Application of The ‘MET’ matrix 
The Material, Energy and Toxicity („MET‟) Matrix is a tool which can be used to 
summarise the environmental impact at each stage of a product‟s lifecycle. The use of 
this matrix to assess the Lightweight Chemical Detector product highlighted the 
production process as having the most significant impacts: the high use of energy, and 
the effluent volumes resulting from the need for scrupulous cleaning of component 
parts during the manufacturing process. These aspects would benefit from closer 
examination, as eco-efficiency improvements in both these areas might also generate 
significant cost savings. These, and other findings, are summarised in Table 3.  
 
 
Table 3: ‘MET matrix’ for Lightweight Chemical Detector product – to go here 
 
 
The MET matrix could be enhanced by the use of eco-indicators to provide detailed, 
and quantified, analysis of the environmental impacts of the new product. Weight data 
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for individual components is available from the company‟s three-dimensional 
computer aided design (3D CAD) system, and the system‟s supplier has been 
contacted to see if eco-indicators could be included as part of their software package. 
The initial interest is positive – it may in fact generate market interest for them as part 
of their own product development. 
 
6. Discussion 
 
It has been suggested that researchers in this field need to investigate product 
development processes to identify how “environmental concerns… can be translated 
into product specifications” ([54], p. 282) and to consider both the operational and the 
management levels [55]. This is the approach which has been adopted here. It is 
encompassed by the „applicability framework‟ concept which has been developed.  
 
6.1. The Applicability Framework 
The tools determined for use in the eco-design procedure at SDW have been 
identified and assessed using the methods described above, but it is considered 
worthwhile summarising the approach in more general terms, as this may prove useful 
in other organisations. It is possible to identify five distinct stages (as summarised in 
Figure 4):- 
 
1. Investigation into available tools and into the specific design process under 
consideration - so that both are well understood (in the case of this study: a 
thorough literature search and review of the company‟s design process), 
followed by 
Page 21 of 36 
2. Compatibility Analysis (in the case of this study: by use of the criteria listed 
above as an initial assessment, in order to develop a short-list of tools), then 
refined through 
3. Compatibility Peer Review (in the case of this study: a focus group 
discussion on the short-listed tools by a range of competent staff representing 
all levels of the organisation), followed by 
4. Adaptation and refinement of the most promising tools identified by the 
peer review (in the case of this study: by a specialist team, derived from the 
focus group, comprising staff who are also directly involved in the design 
process on a daily basis), and finally 
5. Validation through compatibility confirmation on a sample product, and 
subsequent incorporation into standard company processes (in the case of this 
study: application of the MET matrix to the Lightweight Chemical Detector 
product using the guidance and checklists identified earlier, and modification 
of the NPI gate checklists to incorporate these tools as an eco-design 
„procedure‟). 
 
The essence of this approach to establishing applicability can simply be expressed as 
follows:- 
Applicability = Compatibility + Adaptation + Validation 
 
Figure 4: The Applicability Framework – to go here 
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6.2. The Practitioner’s Perspective 
The diversity of approaches toward eco-design reported in the literature led to some 
initial difficulties in organising the data. This is not a unique experience: other 
researchers have categorised eco-design tools in many different ways, with few 
common features in their work, although „analysis / assessment‟ and „improvement / 
priorities‟ classifications appear most frequently. As a consequence, a simple 
categorisation method proved to be the inspiration for the approach adopted in this 
study (see [10]). Three broad, but potentially useful, categories were subsequently 
identified: checklists, guidelines and analytical tools.  
 
In general, software tools (either standalone or web-based) implement one or more of 
the tools included in this study - but in combination. They were therefore not 
considered immediately suited to the SDW NPI process. However, although beyond 
the scope of this study, it is recognised that they may be beneficial, at a later stage, for 
simplifying the use of the more complex methods such as life cycle assessment. 
 
The Lightweight Chemical Detector product study showed that checklists, guidelines 
and the MET matrix can be used both on a specific product, and also more generally 
in the design process. In particular, the MET matrix was used successfully to identify 
key environmental aspects of the product during its lifetime, and design process issues 
were supported by the checklists and guidelines. 
 
In a broader context it seems that the motivating factors behind this project are similar 
to the external stimuli affecting other organisations, i.e. customer, government and 
corporate interest (see [56]). Internal factors differ however: the main motivation for 
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SDW comes from the need for continual improvement to support the EMS and to 
reduce waste and energy costs, rather than an aspiration to innovate, improve quality, 
and address new markets. ”…eco-design … only stands a chance, if it is supported by 
stimuli other than the environmental benefit alone” ([57], p. 453), so cost savings may 
prove to be the key to success or failure of implementation in the longer term. 
 
In the context of this study, it would appear that the six success factors identified in 
this area by Johansson [55] have been successfully addressed: i.e. consideration of 
environmental issues at the beginning of product development; integration into the 
existing development process; checkpoints, review and milestone questions 
introduced into the process; company-specific design principles, rules and standards 
used; use made of cross-functional teams, and application of support tools. Although, 
it is recognised that broader issues still need to be considered, e.g. customer and 
supplier relationships.  
 
In retrospect, success has been achieved (so far) in part because the approach used in 
this  study resulted in a choice of flexible tools with which design staff could readily 
empathise – checklists, for example, were already used in the NPI process to support 
design reviews. Although, addressing a product‟s life cycle via a checklist could be 
considered by some to not necessarily be the same as conducting a Life Cycle 
Assessment (which could identify potential trade-offs when changes are made to a 
system). For example, a checklist might encourage „recycling‟ but not instruct the 
user to investigate the potential consequences. However, we contend that a checklist 
is appropriate in this context because it has helped to establish a (basic) eco-design 
procedure that is compatible with, and now integrated within, company processes and 
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is sufficiently generic to be flexible enough to be applied to a number of different 
company products. Guidelines are also familiar as reference material, yet flexible, and 
are used elsewhere throughout the existing processes in support of detailed 
engineering design activity – on sealing, ruggedisation and chemical resistance, for 
example. And finally, the MET matrix is comparable to similar tools used to ensure 
compatibility with customer contractual requirements, where a compliance matrix is 
used on a routine basis.  
 
These tools, and particularly the checklists, have undergone review and adaptation 
prior to use by SDW, without which they would have been far less acceptable to the 
design staff. It is of note that further investigation has, for instance, identified eco-
indicators as a means to enhance the MET matrix and encourage deeper consideration 
of potential consequences, and will supplement the designers‟ existing technical skills 
and knowledge in the use of this particular tool. This latter point is also an example of 
how the tools can, and may need to be, adapted for use within a specific application. 
Acceptability by, and usefulness to, the design staff are crucial attributes of the tools 
if they are to be adopted successfully: the staff‟s involvement in this process has not 
only assisted in the choice of tools, but has also ensured their acceptability to the 
design community – and consequently enhanced the chances of successful long-term 
integration. 
 
„Usefulness‟ also extends to the overall process: if products are to be designed for 
long service life, then „Design for Longevity‟ is paramount to the business, as the 
focus group identified here. In the consumer market, the opposite may be true, as 
product lifetimes are often very short – perhaps only a matter of months: in that case, 
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Design for Re-use/Recycling would be far more important. The impact of this 
observation is to reduce the relative importance of other approaches, in this particular 
study - Design for Recycling (at least in the short term), and represents a further 
example of how customisation of a suite of tools to build an eco-design procedure can 
make for a successful approach. Ultimately, market and customer demands, as well as 
the motivating factors mentioned earlier, and legislative requirements, will all have a 
bearing on the final choice. 
 
It became clear during the focus group discussions that the current design process 
(NPI) is very much trusted by the company‟s design community – any proposed 
change is viewed with a healthy scepticism. It was also pointed out that many other 
pressures come to bear during the product development process and that staff need to 
make efficient use of the available time. This view has been succinctly illustrated by 
Luttropp and Lagerstedt in their product development „cake‟, as Figure 5 shows. So 
full integration represents a significant challenge, and if this is to be achieved, then 
further work will be required. 
 
Figure 5: The Product Development ‘cake’ – to go here 
 
It has been recommended that: more products are used to develop the identified tools, 
more checklists are developed in order to encompass the full NPI process, and eco-
indicators be introduced to enhance use of the MET matrix. In addition, consideration 
should be given to Environmental Effects Analysis, the fourth-rated tool by the focus 
group, as this shows potential, and is similar to Failure Mode and Effect Analysis – a 
QMS technique which is well established at the company. It is also recognised that 
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the eco-design procedure will need to draw upon  detailed information in order to 
support the making of design decisions. Some sources have been identified; the 3D 
CAD system for material useage (weight) data; eco-indicators as an overall figure of 
merit for material environmental impact; material safety data sheets (MSDS‟s) for 
toxicity information; and manufacturing process data (for energy and water useage)). 
But more will be required: as noted earlier, supplier relationships need development 
and they may then assist in the flow of information on components, materials and 
their possible alternatives. In doing so, this initial implementation should then lead to 
full integration. 
 
 
7. Conclusions 
 
 
The main project objectives have been met; compatible tools have been identified, 
validated, and integrated into a basic eco-design procedure within the overall design 
process. However, full integration will have to encompass approaches which 
overcome the remaining perceived barriers. In particular, it is of note that the focus 
group highlighted that: 
 
 strategy tools would usually be over-ruled by customer specifications, implying a 
lack of freedom in applying eco-design and restricting the company‟s scope to 
implement a self-determined strategy. So the process should work within these 
limitations and omit such tools, at least until an „eco-design culture‟ is well 
established; 
 
 some tools are more appropriate than others (in this case, longevity takes priority 
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over disassembly and recycling, for example). So the procedure needs to adopt 
only process-compatible tools that show clear benefits and include only those for 
which staff are prepared to take responsibility [see 56]; 
 
 some tools represent common sense (e.g. the “10 Golden Rules”  – “we do it 
anyway”), but lack specificity. So where they are already inherent in the design 
process they need recognition and development; 
 
 ease of use, complexity, and resource impact (i.e. staff time) are common themes, 
and to some extent, these factors are inter-dependent.  The need for staff training 
and development has been identified and should ease concerns in these areas; 
 
 other pressures come to bear during the product development process. This may 
be the greatest obstacle, as time is always a limited design resource.  
 
In general then, clear, and visible, adoption of tools accepted as being useable by, and 
useful for, the design community should lead to full acceptance in the longer term. 
 
As for general adoption across industry, it is the authors‟ view that the range of 
approaches described in the literature serves to add to the challenge, rather than help 
meet it. As noted earlier, with so many other aspects already to be considered during a 
design project such diversity only adds to the workload of adoption. 
 
It is not therefore surprising then, with such a wide range of techniques, that not all 
are found suitable for use in a particular design process application. This suggests 
Page 28 of 36 
another possible reason for the lack of widespread adoption: there is no one-size-fits-
all solution, and some form of process-specific customisation is needed in each case, 
if the techniques are to be widely implemented. This can be addressed at two levels: 
firstly, choice of the tools which will ultimately support the eco-design procedure that 
is to be implemented, and secondly, the detailed adaptation of those tools to the 
specific needs of the design process under consideration. The applicability framework 
which has been described here is offered as a possible means to that end. 
 
In this example, the tools and particularly the checklists, have undergone review and 
adaptation prior to use by SDW. Without this review process they would have been 
far less acceptable to the design staff. This study has resulted in an eco-design 
procedure with which they can readily empathise. The earlier work carried out at the 
company (i.e. the demonstration project) had brought in specialist expertise and had 
identified improvements, but the tools used at the time were not considered for 
compatibility. The demonstration project worked in isolation, and so the new 
techniques did not naturally become integrated in the design process, as has been 
achieved now. 
 
Consequently, the work described here should lead to full integration, and go some 
way to addressing the „takes, makes and wastes‟ accusation. McDonough and 
Braungart, ([6], p.62) have also suggested that ”eco-efficiency only works to make the 
old, destructive system a bit less so” – they argue that more needs to be done and 
industry needs to go further. Eco-design, and ultimately sustainable design, will need 
broad adoption by industry if their concerns are to be fully addressed. Such a 
perception may have been true in „conventional‟ industry, but there are definite signs 
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that the manufacturing sector is changing, and more of an „environmental‟ view is 
being taken. 
 
This specific work, and subsequent further projects, will support that change. It 
represents an example of industry taking a broader, long-term, view of its 
responsibilities to society and to the planet, and serves to provide a tangible 
contribution to the overall aims of sustainable development. 
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